This research is presented experimental and numerical investigations of composite concrete-steel plate shear walls under axial loads to predicate the effect of both concrete compressive strength and aspect ratio of the wall on the axial capacity, lateral displacement and axial shortening of the walls. The experimental program includes casting and testing two groups of walls with various aspect ratios. The first group with aspect ratio H/L=1.667 and the second group with aspect ratio H/L=2. Each group consists of three composite concrete -steel plate wall with three targets of cube compressive strength of values 39, 54.75 and 63.3 MPa. The tests result obtained that the increase in concrete compressive strength results in increasing the ultimate axial load capacity of the wall. Thus, the failure load, the corresponding lateral displacement and the axial shortening increased by increasing the compressive strength and the rate of increase in failure load of the tested walls was about (34.5% , 23.1%) as compressive strength increased from 39 to 63.3 MPa for case of composite wall with aspect ratio H/L=1.667 and H/L=2, respectively. The effect of increasing aspect ratio on the axial load capacity, lateral displacement and axial shortening of the walls was also studied in this study. Compared the main performance characteristic of the testing walls, it can be indicated that the walls with aspect ratio equal to (2) failed under lower axial loads as compared with walls with aspect ratio equal to 1.667 ratios by about (5.8, 12, 15.6 %) at compressive strength (39, 54.75, 63.3 MPa), respectively and experienced large flexural deformations. The mode of failure of all walls was characterized by buckling of steel plates as well as cracking and crushing of concrete in the most compressive zone. Nonlinear three-dimensional finite element analysis is also used to evaluate the performance of the composite wall, by using ABAQUS computer Program (version 6.13). Finite element results were compared with experimental results. The comparison shows good accuracy.
Introduction
Concrete filled steel tubes have been widely used in bridges and high-rise buildings for its advantages of high-load bearing capacity, good seismic behavior and fast construction [1, 2] . Recently, a new kind of composite wall structure with a steel plate in addition to concrete, chiefly employed in super -high rise building, missile as well as plate resistance walls for the great bearing capacity that it has and reducing in its thickness. The axial compression loading is considered as a critical case because of the relative motion happens between the faceplate and infill concrete. On the other hand,
The proposed model has been proved to be effective in terms of predicted yield, ultimate load, displacement, and final failure mode displacement and final failure mode, and it is suitable for further numerical studies on shear connection behavior at the steel-concrete interface due to its accuracy and simplicity. Hao et al. (2017) investigate the axial compression performance of a composite shear wall, having various layout arrangements of steel plate. This study consisted of three experiments. Two experiments with built-in steel plate, and the other one with two skins of steel plate.
The gross dimensions of all tested walls were the same. The experimental results showed that the diverse layout arrangements of steel plate have an excessive effect on its buckling that can influence the bearing capacity of the plate. Axial compression of 15 specimens of double -skin steel-concrete shear wall with "J" interlocking was carried out and put forward by Huang and Liew (2016) by considering the buckling influenced of the steel plate, the calculation formula of axial compressive bearing capacity was put forward [13] . Qin et al. (2017) suggested a methodology to calculate the steel plate strength with the restriction of both concrete and shear studs depending on the explicit solution for local buckling of steel plate in composite shear walls exposed to uniform axial compression with elastically rotational restraint at loaded as well as unloaded edges [14] . Eslami and Rahai (2018) carried out experimental investigations on the behavior of fiber-reinforced lightweight concrete-filled double steel plate shear wall [15] . Anwar and Najam (2018) consider some key subjects associated with the application and design of composite structural components to result in good execution of high-rise buildings versus gravity as well as lateral loads. A unified approach to accomplish the axialflexural capacity of several composites and complex cross-sections are offered. The analysis of all composite crosssections can be achieved as well as essential considerations for an operative design of composite members (floors, columns, shear walls, link beams, and transfer systems) is existing. In addition, the practical aspects of composite concrete-steel structure in tall buildings are also presented [16] . According to this review, it is clear that there is a need to study the behavior of composite concrete-steel plate shear wall with embedded connectors. In this study, strengthening of the concrete walls by using external steel faceplates have an important effect on raising the bearing capacity of the walls and decreasing the lateral and axial displacement in comparison with the concrete walls, by varying some parameters such compressive strength, as well as an aspect ratio of the wall.
Experimental Work
The plan of experimental work includes casting and testing six of composite walls divided into two groups, each group contains three composite walls, with the various value of concrete compressive strength. The first one with normal cube compressive strength (39 MPa), the second with high cube compressive strength (54.75 MPa) and the third with high compressive strength (63.3 MPa). These specimens were divided into three groups depending on the type of loading. Figure 1 shows the experimental program used throughout this work. The composite walls for each group with dimensions of total length (600 mm), a thickness of (55mm), same thickness of steel plates (tp=2 mm), same slenderness ratio (S/tp=75) where S represents the distance between steel channels equal to (150mm), but with different aspect ratio of wall. The first group with an aspect ratio (H/L=1.667), while the second group with an aspect ratio (H/L =2). The details of all groups can be shown in Figure 2 and Table1. In all groups, the tested walls consisted of a testwall part and a base. The base of the wall was used for fixing the laboratory rigid floor and act as a means to fix the steel plate which embedded into the wall base through the cage reinforcement. The wall base was (350mm) thick, (400mm) width, and (600 mm) length and reinforced by using ϕ12 mm deformed steel bar as longitudinal reinforcement (4 ϕ 12 top and 4 ϕ 12 Bottom reinforcement) and using of ϕ 10 mm deformed steel @125mm as stirrups shear reinforcement. 
Figure 1. Schematic representation of experimental program

Materials
The materials used in concrete mixes are Ordinary Portland cement (Type I), natural sand which has a specific gravity of 2.6 and sulfate content SO3% (0.11%) by sand weight and crushed gravel with a maximum size of particles of (12mm). The bulk specific gravity of this aggregate is 2.8 and sulfate content 0.08 %. The grading of both the coarse and fine aggregate can be shown in Figure ( 3), Tables 2 and 3 . Two types of mix were made in the present work. Firstly is normal strength concrete mix which was designed according to (ACI, 2014) [17] . The fresh properties of concrete with strength target 39MPa were obtained from the slump flow test, and slump was measured (180 mm). Secondly is high strength self-compacted concrete mix SCC). For the production of SCC mix, Superplasticizer which is commercially known as (Sika viscocrete, 5930), as well as silica Fume is used. Superplasticizer concrete showing a large increase in slump without segregation. Thus, adding of Superplasticizer which meets with (ASTM C 494 / C 494 M-99) [18] types G and F result in improvement in the workability of the concrete mix which was designed according to (EFNARC, 2002) [19] . The weight of materials for normal strength concrete mix and (SCC) mix used in the present work can be shown in Table 4 and Table 5 . Both of slump flow, T50, and L-box tests have been used in present work in order to study the fresh properties of self-compacting concrete as shown in Figure 4 , Figure 5 and Table 6 . The slump flow test is used to assess the horizontal free flow of SCC in the absence of obstructions. The test method is based on the test method for determining the slump. The diameter of the concrete circle is a measure for the filling ability of the concrete. In addition, the L-box test is a widely used test that assesses filling and passing ability of SCC, and a serious lack of stability (segregation) can be detected visually. Segregation may also be detected by subsequently sawing and inspecting sections of the concrete in the horizontal section. The testing apparatus consists of rectangular section box of L shape with horizontal and vertical part that separated by using a moveable gate, in front of which vertical lengths of reinforcement bar are fitted.This test is satisfied by measuring the distance H1 and H2, in addition, to calculate the blocking ratio (H2/H1) when the concrete flowing is stopped. The whole test should be finished in five minutes. The mechanical properties for both rebar and steel plates used were obtained from the tensile testing of three samples according to ASTM designation (C370 -05a, 2005) [20] . Tables 7, 8 and 9 give the yield and ultimate stress of the tested rebar, steel plates, as well as steel channel respectively. Through the casting of the walls, three 150×150×150 mm cubes were cast and used to measure the compressive strength (f'c), three cylinders of 150 × 300 mm used for measuring split tensile strength ( ). In addition, three 500×100×100 mm prisms were cast and used to obtain the modulus of rapture for concrete (fr) for each group. The hardened properties of the tested wall can be shown in Table 10 . Then after that, the walls were cast. After finishing the casting of walls. They were demolded 24 hours, and then after that, the mold and the wooden beams removed, after that the walls cured by using dump blanket (cover) and scattered continuously with water for 28 days. After the end of the curing period, the walls were white-painted to assistance in the observation of crack and improvement through testing as shown in Figure 6 . Figure 6 . Casting of the walls
Test Set-Up
All composite walls are tested by using the hydraulically universal testing machine of (3000 kN) capacity available in Al-Mustansiryia University. The tested walls were axially loaded by making some arrangements before the test. The composite walls were equipped for testing by setting the positions of them over steel plate of dimension (2×44×70 cm) (thickness×width×length). Series of dial gauges-which are used for monitoring the response of the tested wall-were fixed in their position. Besides, a steel I-section fixed tightly to the test machine by many clamps at the top. A steel frame consisted of a steel channel (C55 mm or C70 mm) welded very well to the flange of I-steel section of dimension (72 cm) and web height (23 cm) and is strengthened by using stiffener and this operation made very carefully as well as with high accuracy in order to ensure satisfying straight lines and no gap allowed to form within support After the top hinge support has been fixed, leveling the wall panel to satisfy the perpendicularity of the wall panel and applying the load to the failure of wall. The composite walls were subjected to monotonic-static loads in successive increments, until failure. See Figure 7 . 
Failure Modes
The failure mode of all the composite walls was initiated by local buckling of the steel side plates as well as cracking and crushing of concrete. The local buckling of steel plate gradually increased with the increase in the load step till its maxim thickness reached failure load. Local buckling of steel plates happens previous than the yield of the steel plate that bends slightly after buckling because of uniform compression, and the deflection in the central section at top height of the walls is more than the lateral displacement at the two edges, as well as the flexural shortening in the central section is greater than the shortening at the two edges. In addition, a brittle failure such as concrete cracking and crushing of concrete which were the dominant damage pattern of concrete are also shown. Concrete cracks were accumulated at the base of the wall beside other cracks which separate in the front and the back height of concrete as well as crushing of the concrete infill in the top region of the composite wall. The concrete infill had the ability to prevent the composite wall from local buckling. Concrete crushing of the concrete infill occurs in the top region of the composite wall. The concrete infill had the ability to prevent the composite wall from local buckling. From observation, it can be shown that there was no separation of the steel plate from the concrete core until near failure, indicating that the steel channel was able to hold the steel sheeting and the infill together to enable them to resist the applied load in composite action. The failure mode of the two groups can be shown in Figures 8 and 9 . 
Experimental Results
The general behavior of all the composite walls is studied while varying some parameters, such as concrete strength and aspect ratio of the wall.
Effect of Concrete Strength
The increase in compressive strength of concrete enhances the ultimate axial load capacity of the wall and it should have an effect on the crushing strength of the wall which can affect the failure loads of the walls. Thus, the increase in concrete strength could affect the initiation of the main diagonal crack. All walls in each group have the same thickness as the plate, the same thickness of the wall, the same slenderness and reinforcement ratios with a different value of compressive strength. See Table 1 . In these figures, the lateral displacement at the top and mid-height of the walls, as well as the axial shortening of the walls, decreases as the compressive strength increased at the same load. Besides, the failure load increased with an increase in compressive strength.
Three targets of cube compressive strength values of 39, 54.75 and 63.3 MPa, were supplied for each group in this study to evaluate their effect on the axial capacity of the walls with the same thickness. Besides, for the case of composite wall with aspect ratio 1.667 (group1), increasing the compressive strength from (39 MPa) to high strength (54.75 MPa) results in increasing in failure load, the corresponding lateral displacement at top and mid-height of the wall as well as the axial shortening by about (18.2, 12, 5.3, 15 .8%), respectively and by about (13.8, 12.3, 20, 8 .2%), respectively as concrete strength increased from 54.75 to 63.3 Mpa. See Figure 10 . 
Effect of Aspect Ratio
The aspect ratio is regarded as an important parameter that affects the behavior of the composite walls. The ultimate load is highly affected by increasing the aspect ratio as shown in the below figures which show the influence of aspect ratio on failure load values.
Compared to the main performance characteristic of the testing walls, it can be shown that the walls with aspect ratio equal to 2 failed under lower axial loads as compared with walls with aspect ratio equal to 1.667. These walls experienced large flexural deformations. The mode of failure was characterized by buckling of steel plates and extensive flexural cracking and concrete crushing in the most compressive zone. Besides, walls with an aspect ratio equal to (1.667) have larger bearing capacity at initial cracking, yield point, and maximum strength than those for walls with higher aspect ratio. A comparison was made between two walls with different aspect ratio1.667 and 2. It can be noticed from this comparison that increasing aspect ratio led to decreasing the failure load and increasing the corresponding lateral displacement at the top and mid-height of the wall as well as the axial shortening at failure load. Moreover, the lateral displacement and shortening for a composite wall with higher aspect ratio are less than that for the composite wall with a low aspect ratio at the same load. Figures 12 to 14 show the effect of aspect ratio on the values of lateral deflection at top and mid-height as well as shortening of walls versus axial load. In these figures, a comparison between two walls of the same slenderness and reinforcement ratio was made but with different aspect ratio. As concerned with Figure 12 , a comparison between two composite walls was made. The two walls had the same compressive strength (39 MPa) but with different aspect ratios. Increasing aspect ratio led to decreasing the failure load and increasing the corresponding lateral displacement at the top and mid-height of the wall as well as the axial shortening at failure load by about (5.8, 1.7, 17.9, 15.8%). Besides, at compressive strength 63.3 MPa ,increasing aspect ratio from 1.667 to 2 results in decreasing the failure load and increasing the corresponding lateral displacement at top and mid-height of the wall as well as the axial shortening at failure load by about (15.6, 5.5, 1.7, 11.3%), respectively as shown in Figure 14 . 
Finite Element Modeling
In the present study, nonlinear three-dimensional finite element analysis is also used to evaluate the performance of the composite wall by using ABAQUS computer Program (version 6.13). Finite element results are compared with experimental results, and the comparison showed good accuracy. Different types of elements are used to model the wall specimens. library. Every element is described by their characteristics such as family, degree of freedoms (DOFs), the number of nodes, integration method and formulation [21] . Three-dimensional solid element C3D8R is used to model both of concrete infill, foundation, steel frame as well as the steel channel, meanwhile linear quadrilateral four-node shell (S4R) element is used to model the two faceplates. The steel reinforcement is modeled as a one-dimensional element (wire) by solid, beam or truss element. The using of a solid element is expensive, thus not chosen. As reinforcement bars do not supply very high bending stiffness, the truss element is used and modeled as an embedded element. Embedded elements are allowed to have rotational degrees of freedom, but these rotations are not constrained by the embedding using the embedded element. The concrete damage plasticity (CDP) is adopted in this study because of its ability to represent the nonlinear properties of concrete. The stress-strain constitutive relation for both steel reinforcement and steel plates, steel channel is presented by using the elastic-perfectly plastic approach. The FE model of composite walls is generated firstly by creating the structural parts of the composite walls which are modeled by using pre-defined elements in Abaqus. See Figure 15 . After that, the step module contains defining the analysis steps, identifying output requests, as well as analysis controls, is created. The 'Initial' step is created by default and a step named 'step1' is produced for the general-static analysis. Time incrementation is the property of 'step 1' step.
Then, the finite element model of composite walls is created by assembling several parts. The part instances of the model are concrete infill, steel plate, steel channel, steel reinforcement, and steel frame. The assembled model contains independent part instances also has a global coordinate system. Each part instance is sited by translation and/or rotation within the assembly with respect to the global origin. Different types of connections such as a tie, embedded and interface elements are used to represent the contact between bodies. The general contact is used to is simulated the interaction between the steel plate and the concrete infill and the interaction between the steel channel and the concrete after determining interface properties (Normal behavior and Tangential behavior) by using "hard formulation" in the normal direction and "penalty friction formulation" in the tangential direction. The contact between the steel plate and the steel channel is represented by tie constraint, by regarding the surface of the steel plate as master surface and the surface of a channel attached to steel plate as a slave surface. Besides, a tie constraint is used to connect the bottom flange surface of the I-steel section frame to the web of a steel channel as well as it used to connect the stiffener to I-steel section as shown in Figure16. This paper presented an overview of some practical aspects of the use of composite sections in highrise buildings. a unified and integrated approach to determine the axial-flexural capacity of complex cross-sections made of any combination of materials Using this approach, the analysis of all composite cross-sections can be performed in an integrated manner. The paper also discusses some recent trends and important considerations that should be kept in mind for an effective design of composite members (composite columns, shear walls, floors) and presents an overview of some of the practical aspects of composite concrete-steel construction in tall buildings. Then support and load are applied. Support is applied in the 'Initial' step with rotation /displacement boundary condition. Both rotation and translation are restrained in the x, y, and z-direction. The load is applied in 'step 1' which is applied as pressure load uniformly distributed on the top region of I-steel section as shown in Figure17. After that, the finite element analysis required the meshing of the model. In other words, the model is divided into small elements by choosing an element size of mesh in part instances as shown in Figure18. After that, the job is created which allows submitted for analysis. The results of the analysis are obtained in odb file. The results information, as well as the various model shapes such as undeformed, deformed shapes, are achieved from the output database using the visualization module. The field output requests or history outputs requests can be attained in nodal point, in elements or in the whole model based upon the specific output request. These requests can be plotted in Abaqus viewport using plotting tools, and data exported to Microsoft Excel using Excel utility option.
Validation of Composite Model
Finite element results are validated against experimental results. A finite element model was arranged by using the Abaqus computer program to verify and idealize the composite wall of the experimental work.
The deformation of the composite wall with aspect ratio 1.667 and compressive strength 39 MPa can be shown in Figure 19 . In addition, Figure 20 (a) shows a comparison between numerical and experimental results of a composite wall in terms of load-lateral displacement relationship. The lateral displacement of the model is 2.7 mm which lower than experimental results by about 6.89 %. Figure 20 (b) shows that the lateral displacement at the mid-height of the model recorded a value of 0.88mm which is lower than that obtained from experimental results by about 7.36%. Figure  20 (c) illustrates that axial shortening numerically obtained by the Abaqus computer program equal to 1.75 mm which is about 7.89% lower than the value obtained experimentally. Num.
(c) Figure 21 illustrates the deformation of the composite wall with aspect ratio 1.667 and compressive strength 54.75 MPa in X and Y direction. The force-displacement relationship of both the model and the composite wall can be shown in Figure 22 . It can be obtained from Figure 22 (a) that the force-displacement relationship is linear until the load level 400 kN with a 5 mm deflection of the model. After that, deflection increases rapidly and has the value 3.12 mm at the failure load which is less than the lateral displacement of the wall by about 4%. The failure load for the model is 1280 kN which is 1.5% lower than the failure load for the tested wall. According to Figure 22 (b) , the lateral displacement of the model equal to 0.93 mm which is lower than the experimental value by about 7%. Besides, the axial shortening of it is 2 mm which is lower than numerical results obtained from Abaqus computer program by about 9% as shown in Figure  22 Num.
are similar. The lateral displacement at the top height of the model was 3.5 mm at the failure load which is less than the lateral displacement of the wall by about 4.1%. The failure load for the model is 1467kN which is about 0.87% lower than the failure load for the composite wall. Also here, experimental and numerical data contains the displacement-load relationship at the mid-height of the specimen in Figure 24 (b) . The model has a lateral displacement equal to 1.17 mm which is lower than the experimental value by about 2.5%. Besides, the axial shortening of it is 2.35 mm which lower than the experimental axial shortening by about 1.26% as shown in Figure 24 (c).From these figures, we can be obtained that the model is stiffer than the tested wall. Figure 26 (a). The graph of the force-displacement relationship of the model seems to be linear up to 300 kN followed by increasing in lateral displacement until to reach a value of 2.8 mm lateral displacement at failure load equal 1023kN
The lateral displacement of the model is less than the lateral displacement of the wall by about 5%. The failure load for the model is lower than the failure load for the composite wall by about 1.6%. Also here, experimental and numerical data contains the displacement-load relationship at the mid-height of the wall in Figure 26 (b) . The model has a lateral displacement equal to 1.08 mm which is lower than experimental value by about3.57%. Besides, the axial shortening of it is 2.1 mm which lower than the experimental axial shortening by about4.5% as shown in Figure 26 (c). Figure 28 (b).The comparison shows good accuracy. The lateral displacement recorded a value of 1.12 mm which is lower than that obtained from experimental results by about 2.6%. From Figure 28 (c), it can be obtained that axial shortening numerically obtained by Abaqus computer program equal to2.25 mm which is about 6.25 % lower than the axial force obtained experimentally. Num.
force-displacement relationship between the model and the wall is similar. The lateral displacement has a value of 3.65 mm at the failure load which is less than the lateral displacement of the wall by about 5.19%.The failure load for the model is 1271 kN which is 0.7% lower than the failure load for the tested wall. Also here, experimental and numerical data contains the displacement-load relationship at the mid-height of the wall in Figure 30 (b) . The model has a lateral displacement equal to 1.15 mm which is lower than experimental value by about 2.5%. Besides, the axial shortening of it is 2.5 mm which lower than experimental axial shortening by about 5.66% as shown in Figure 30 (c). 
Conclusions
 Strengthening of the concrete wall by using external steel faceplates play an important role in increasing the bearing capacity of the walls and decreasing the lateral and axial displacement;
 The lateral displacement and the shortening of the composite wall depends on the strength and aspect ratio of the wall;
 As the concrete strength increased, the lateral displacement and shortening decrease at the same load;
 The lateral displacement and shortening of a composite wall with aspect ratio H/L=2 is less than that of composite with low aspect ratio H/L=1.667 at the same load;
 The increase in compressive strength resulted in increasing the failure load and the corresponding lateral displacement at the top and mid-height of the wall as well as the shortening of the tested wall. Accordingly, the rate of increase in failure load of the tested wall was about (34.5 %, 23.1%) as compressive strength fʹc from 39 to 63.3 (i.e. 62.3%increase) for the case of the composite wall with aspect ratio H/L=1.667 and H/L=2, respectively;
 The failure load of tested walls with low aspect ratio(1.667) is more than failure load of composite walls with large aspect ratio by about (5.8, 12, 15 .6%) at compressive strength (39, 54.75, 63.3 MPa), respectively and the corresponding lateral displacement at top and mid-height of the wall as well as the axial shortening are less than that having aspect ratio equal to 2 by about (1.7, 17.9, 15.8%), respectively at compressive strength 39 MPa, by about (4.6, 15, 9%), respectively at compressive strength 54.75 MPa and by about (5.5, 1.7, 11.3%), respectively at compressive strength 63.3 MPa;
 The failure mode of all the tested walls was local buckling in the left and the right side of the composite wall. The concrete infill was capable of preventing the composite wall from buckling. In all cases, failure of the composite wall was started by local buckling of the steel plate, followed by cracking and crushing of the concrete infill in the top region of the composite wall;
 The numerical results show good accuracy with experimental results.
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